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I. Growth and characterization of high quality HgCdTe

Table I and Table II illustrate the best results obtained for MBE grown N and
P-type layers in terms of carrier concentration and electron or hole mobilities.

Most of these layers have been grown after the starting date of the current
contract. An update of these data will be given when appropriate in order to
follow the progress that the group is making during the contract. It is important
to point out that even if these results are the best ever obtained in the laboratory
they are representative of our level of control concerning the growth. Numerous
layers with the same composition exhibit very similar results.

A new Hg cell, which is a prototype built by ISA - Riber is currently tested
in the laboratory. This cell that we have conceived gives a very stable Hg flux
during hours of growth. In table I and II it can be seen that thick layers can be
grown using this cell (Sample # 131-318, 2-310, 19405 for example)

Electron mobilities are above 1x10° cm?V~'s™ what is expected for a high
quality HgCdTe material with x of about 0.20.

Hole mobilities are very good in the 20% composition and excellent for layers
grown on CdTeSe substrate (uh=840 cm?v—*s~! for x=0.31).

From our result it seems premature to draw a conclusion regarding the choice
of the substrate. Electron or hole mobilities are very similar whatever the substrate
used to grow HgCdTe.

Table IIlI presents a comparison between (111)B and (100) orientation. Once
again, the highest values obtained for electron mobilities are identical for both
orientation. However, due to the twinning problem frequently observed in the
(111)B, electron mobilities are in average lower for this orientation but, on the
other hand, we have demonstrated that the (100) orientation required more mercury
than the (111)B orientation.

Most of the layers reported in these tables have a carrier concentration
Na-Ng or Ng-N, in the mid or low 10'*cm~° range below 77K.

It should be noted that both mobility and carrier concentration values are
suitable for IR device application.
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We have shown in the previous DARPA contract (MDA 903-83K-0251) that indium
can be incorporated as an active impurity with a high electrical efficiency in
HgCdTe layers during the MBE growth.

Indium is a very good n-type dopant:

(1) it has a high electrical efficiency (70 to 100%) and that without any activation
(see fig. 1);

(2) high doping levels up to 10**cm~® have been reached:

(3) high electron mobility of 1x10°cm?V='s~' have been observed for doping
level of 2x10'*cm™;

(4) abrupt junctions can be grown (see fig. 1).

But indium presents a serious problem. Memory effect has been observed which
means that some residual indium (10*® - 10'®cm™® range) is found in epilayers
grown after In-doped epilayers have been grown. This effect is supposed to be
due to indium-tellurium chemical reaction(s) taking place in different parts of the
MBE chamber. The compound(s) can later be reevaporated and dissociated if they
are heated. Te, In and CdTe effusion cells have been found to be the sources of
contamination along with the walls surrounding the effusion cells and the substrate
heater.

This problem has been worked out for months but no satisfactory solution has

been found, therefore another n-type dopant has to be investigated.
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P-type
Arsenic and Antimony

Group V elements can be incorporated into HgCdTe as acceptors in substitution
of non-metal lattice sites using the liquid phase epitaxy. However, group V
elements have not been successfully incorporated into MBE grown HgCdTe layer as
acceptors. Both Sb and As have been tried and they behave as n-type dopants as
illustrated in Table IV and Table V.

A cracker cell has been used for As and Sb which means that the flux was
constituted by Asq + As, molecules or by Sby + Sby molecules.

Some of the As doped HgCdTe layers were annealed using the close tube
method. For these annealing a drop of Hg was used to control the Hg pressure
and the Hg temperature was kept higher than the sample temperature. Table IV
shows the electrical measurements of two As doped HgCdTe layers before and
after annealing.

The annealing increases the As electrical activity as a donor, and not as an
acceptor, by a factor of 4 to 5.

Sample #508331 and 511334 which have been grown with the same As cell
temperature have about the same SIMS counts. But sample #511334 has a higher
carrier concentration (factor 2 to 3) both before and after annealing. Sample #511334
was exposed to UV light while growing and not sample #508331.

Thus it appears that when exposed to UV light the electrical activity of As
in HgCdTe increases as a n-type dopant.

This is not completely surprising if we consider that As is incorporated as a
n-type dopant because As-Te bonds are established in preference to As-Hg or
As-Cd. UV light is supposed to break Te, molecule (E~3eV) making Te even more
reactive with As.

These experiments do not conclude that As or Sb cannot be incorporated as
p-type dopants in MBE grown layers. SIMS analysis shows that only a few precent
of As or Sb are electrically active. In fact, if one considers the heat of formation
AH¢ of some tellurides it appears that AH; for SbyTe is equal to -4.5 kcal/mole,
less than AHs of HgTe (-7.6 kcal/mole). No data have been found for As,Te but
AH¢ should not be very different. This means that SbpTe and As,Te are more

» NES LT ‘\_-q.‘«'.

0
N 0%, ON N

WA
Vgt Aty Lt H‘.o'l.o A

]

PN AN AR ‘~'~‘?‘




unstable than HgTe itself. It is unclear yet how As or Sb are acting as donors
incorporated in Hg vacancies or in interstitial sites. But it seems very likely that
they could be incorporated as acceptors. A higher Hg flux, light, electron or ion

beams have to be investigated.




Sample x

133 329 0.22

8 326 0.22

508 331 0.28

511 334 0.29
UV light)
509 332 0.29

TAs cell(c)

230

250

250

77

30

77

77

30

As-doped HgCdTe (111)B MBE layers

After
as-grown annealing
TuaLL™® cc(cm™)  pp(em®v-ls™?) cc HH
n-2.5x10'*
p-1.8x10'*
n~2.5x10'® n-1.5x10** 4.3x10"
n-8.0x10*® n-3.8x10'* 2.3x10"
p-3.0x10'®
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S I1I1. Hg1_xCdee/Hg1_yCdyTe Heterojunctions Grown in Situ by MBE
iy
‘ ! Insotype n-N abrupt heterojunctions where grown in situ by MBE on
.
’ CdTe(111)//GaAs(100) combination substrates. The first devices tested had x =
N
i .18 on the bottom and x = .26 on the top. All the electrical and optical charac-
'vé:‘ terizations were consistent with the presence of narrow and strong composition
Ty
:":,: burst right at the interface. The RyA was limited by the widegap side (see
!
e attached publication entitled "Mercury Cadmium Telluride n-Isotype Heterojunctions
a0t
Grown in Situ by Molecular Beam Epitaxy."
R The later devices grown with care to avoid the problem had drastically different
o
g::.' behavior. The compositions where slightly higher on both sides: x = .22 for
;:: the bottom and .28 for the top. Strong rectification was seen with quality
)
, factors varying from 2 at high temperatures to 2.5 at 80K (fig. 2). The forward
N bias occurred when the top material was biased negatively. One device had an
)
:' RoA as high as 10" Qcm? at 80K, but this value was only seen once. In the
'
’ ¢ average it typically reaches 10° at 80K (fig. 3). The activation energy of Ig/T
f‘f.*: varies from .1eV at high temperature to .06eV at 80K (fig. 4). the spectral
" response shows a maximum at 8um wavelength, without sharp peak at short
&
e-;: wavelength as before (fig. 5). The capacitance measurements are unreliable
‘:. since the top material thickness was as small as .5um, and the top contact is
e suspected to have a smaller area than expected. A low current density 10~2A/cm?
,.;% can blow the devices opened. These measurements are consistent with a Schottky
: type behavior at the heterojunction, most of the depletion occurring in the wjde
:,}: bandgap material, which is limiting the RyA. Thermionic emission is not the
™
:"! only process involved in the transport since the quality factor is higher than 2.
L This renders the barrier height determination unreliable, even if it seems consistent
¥
;'.:: with the expected bandgap difference between the two sides.
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Running Title: Mercury cadmium telluride n-isotype heterojunctions

Mercury cadmium telluride n-isotype heterojunctions grown in situ

by molecular-beam epitaxy

‘\

- ‘- R
M. Boukerche, |. K. Sou, M. DeSouza, £, Y00, and J.  ~aurie
Department of Physics. Unwversity of Hlinois at Chicago. C lucugo./)/lmots 60680

(Received 10 November 1986; accepted 7 May 1987)

Electncal characterizations of the first -V HgCdTe heterojunctions grown in situ by molecular-
beam epitaxy are reported. The cadmium concentrations of the two materials are 0.18 for the
bettom layer and Q.26 for the top. The measurements by Hall, IV, CV, and spectral responsivity
are consistent with the existence of a conduction-band barrier at the interface behaving as an
insulator at low temperature. We suggest that transient effusion cell fluxes occurring during
shutter sequencing created such barriers at the heterojunction interfaces during the growth. The
high R,4 (600 I xcm”) measured suggests that this effect might be of interest for future
heterojunction gate field-effect transistor investigations.

1. INTRODUCTION

The Hg, ,Cd, Te (MCT) ternary alloy is currently the
most important material for infrared applications in the
8~12 um wavelength range. It is also used for the 3-5 um
window and considered for the optoelectronic range. This
material can be grown for any cadmium composition x
between 0 and 1, and can then be considered as a solid solu-
tion. The corresponding forbidden energy gap can be varied
continuously between — 0.22 and 1.6 eV at 80 K. These
unique properties plus the fact that the lattice mismatch
between the extreme compositions is only 0.3%¢ make this
ternary semiconductor material very attractive for hetero-
junction investigations. The man motivation for such stud-
tes Is to improve existing detector performances by tatloring
wavelength response. decreasing parasitic currents, and in-
creasing minority-carrier collection efficiencies.

LoVecchio er 4/ studied the case of back-to-back MCT
(x = 0.2). CdTeheterojunctions. They concluded that a va-
lence-band barrier was present in the devices. n/p MCT
heterojunction photosoltaic devices were demonstrated by
Bratt.© In certain cases, barrier formation was also reported.

Both groups used the hiquid phase epitaxy (LPE) growth
techmyuc and reported substantial grading and/or diffusion
at the interfaces. Vyvdyanath et al." showed that such effects
could actually be profitable since they presented exceptional
LPE grown MCT heterojunction detector performances.

The possibility of including semimetallic, semiconduct-
ing. and semi-insulating materials within the sume mono-
cryvstal could lead to important technological applications.
The abrupt heterojunctions between these materials have to
be further studied.

Kuech and McCaldin® reported characterizations of
HgTe layers grown by the metalorganic chemicul vapor de-
position technique at 325-350°C on n-type CdTe A
Schottky burrier behavior was seen, with a maxamum barrier
height of 0920V,

The salidity of the common anton rule for the
HeTe/CdTe system has been questioned recently.” The re-
ported salues of the valence-band otfset vary from 4% Ref
6) to 150 meV " depending on the technique used The
above workers' mention that inversion in the CdTe layer

could explain their low barrier height value. We sugges<t that
interdiffusion effects might have played an important role.
In any case, most of the band-gap difference should appear
in the conduction-band discontinuity.

The molecular-beam epitaxy ( MBE) technique is now re-
cognized as a possible choice for the growth of MCT on
CdTe and GaAs.™'” Its low growth temperature (190 °C)
minimizes the interdiffusion effects and allows abrupt inter-
faces to be produced in thin epitaxial layers like superlat-
tices. Several abrupt n-1sotype heterojunctions between two
narrow-band-gap compositions were grown for the first time
in order to observe the transport properties of the elcctrons
through the expected conduction-band discontinuity vn the
wide-band-gap side. We present here the charactenization of
mesa devices fabricated from these first samples.

H. EXPERIMENTAL

The junctions were grown on CdTe(111)/-GaAst 100y
substrates with a Riber 2300 system modified to handle mer-
cury. Both sides of the junction were doped » tvpe with indi-
um as previously described.'' The narrow-gap side was first
made with a thickness of 2 to 3 um before the growth condi-
tions were abruptly changed to produce the wide-gap mate-
nal up to a thickness of 1.0 gm. The substrate temperature
was kept at 190 °C all along the growth. The compositicn of
the narrow gap was determined by infrared transiiission
measurements at room temperature. [ts dopinglevel 4 - 107
¢m ™' was deduced from the Hall measurements neglectung
the contribution of the wide-gap side. This was refevant siee
the doping level was intentionally lowered dunng the
growth of the x = 0.26 matertal. The composition and dop-
ing ( ~5.< 10" ¢cm 4 of the top laver was estumuaicd fron
the growth conditions on separate runs. To check the dopin;
level, metal-insulator=semiconductor  MIS)
were fubricated with gold and zine sultide on o ditfe ot
prece of the sample. The high-frequency capacitunce yorsas
voltage curves were measured at YO K and 100 KHe acth oo
LCR 4273 rom tiowiati-Packard The classical MIs Clicus
lation’ - was used to deduce the impurnity fevel fromcb e e
mum to maximum capacitange ratio, w here the oo
capacitunce was caleulated using the approvmuation o Ret
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FiG 1 Structure of the devices

19. The doping level deduced was within a factor of 2 from
the growth esimated value. The devices were made by stan-
dard photolitographic techniques and mesa etching. The
metal was evaporated over the zinc sulfide passivation
opened for contacts. Their structure can be seen in Fig. 1.
The zeometry 1s circular to minimize edge leakage but 15
obsiously not optimized for detection applications. The
sunction area s 7 - 107* ¢m®. More than 150 dots were
rested from 300 down to 80 K with a microprobe station
from MMR Technologies. Inc. The probe connected to the
top contact was positioned on the metal part overlaping the
e ~uitide 1o avoud prezoelectric etfects. The current versus
vintaze measurements were made with an electrometer/vol-
taze source model 617 from Keithley. modified to generate
S.mV osteps. All the data acquisition was computerized.

Il1. RESULTS

Ihecurrentversus voltage curves measured can be seen in
Frz 2 They are representative of the average of the devices
measered. Very weuk torward rectification occurs when the
top wide-hand- 1ap material is biased negatively. They could
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F1G. 3 Senulog plot of the 78 curves when the tap muaterial ~ bigsed
negatively

be simply described as showing double soft reverse break-
down at low temperature. The current 1s proportional to the
voltage at low bias. and tends to a power of the voltage law
(2-3) above 30-100 mV. A semilogarithmic plot of these
curves 1s shown 1n Fig. 3 for the forward bias case. Notice
that thetr slopes are nearly independent of temperature. The
R .4 values could reach 600 §2 cm™ at 20 K on several de-
vices, showing that the active part of the device 15 on the
wide-band-gap side. Its vanation as a functton of 1.7 can he
seen in Fig. 4 in reverse bias. At high-temperature it follows
an exponential law 1n a limited range only, and tends to ~atu-
rate at low temperature. The corresponding high-tempera-
ture activation energies are svstematicaily higher in raverse
bias ( ~ 105 meV) than in forward bras « ~%0 meV';. The
I/V curves were fitted by the least-square method 1o the
equation

)
l:l[cxp.f—lR,/(',,)—l]. e

where 7 1s the current density, /. the saturated current den-
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sty Fothe bas voltage, R the series resistance, and 1, the
voltage defimng the siopes ot the curves. The precision ot the
parameters extracted was only questionable close to room
temperature where the devices showed an ohmic behavior.
Betow 150K 17 wasfound constant and equal to 143 and 80
mV i reverse and forward bias, respectively, and R was
neghzible. 7 wasinereasing with temperature above 130 K.

A nvpreal capacitance versus voltage curve 1s shown in
Fig 3 Tt clearly does not follow the classical Schottky diode
depletion mu dei but rather 2 metal-insulator-semiconduc-
tor devtce behavior. The frequency dependence is small. The
admittance curves correlate the slope vanution of the de cur-
rent/yoltage measurements.

IV. DISCUSSION

The lack of strong rectification implies that thermionic
emisston iy negligible. The current transport 1s himited by
some form of tunneling since 1t vartes as expt 1778 ) inde-
pendently of temperaturz below 130 K. These properties are
systematic tor all the devices on several crystals, and are not
resulting from a marginal contact process on the top contact
which could create back-to-back Schottky diodes randomly.
Furtherme==, a sharp mintmum n capacitance close to zero
bias should be seen in this case.'’ Schottky barrier lowering
with brasing voltuge is not detected since the current should
varvasexprad™ ST Cand §) should be a function of tem-
perature even at 30 K.

These results have similarities with the theory of ther-
mionic field emission across Schottky barriers ( TFS).** The
ratio KT F . 15 an estimation of the relative importance of
the thermionic and ficld emission processes,'” where & 1s the
Boltzmann constant, T the absolute temperature, and £,
an ener 2y defined as

E . - ugn SN, omEey! (2

whereo s the eiectronie charge. 1 Planck s constant, vV, the
doenoer concenteation i the semiconductor (1nour case the
wide-band-zap wide with v =0 In), m* and € the ciectron
efective mass and the staue dielectric constant in the same
materiai Whoen ~/ - F 0 the current s mainly due to ther-
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mionic emission. When AT .2 E,, field emission (or tunnel-
ing trom energies close to the conduction band) 15 the domi-
nant transport mechanism. Both types of electron emission
have to be considered when AT=E,,. In our case
Np=5<10" cm “andforx =0.26at T = 80 K. the rela-
tive electron effective mass and dielectric constant are taken.
respectively. as 1.4 « 107" and 16.9. The value of £,,, 1s then
2.66 meV. much smaller than A7 = 6.9 meV. The fact that
thermionic conduction 1s not seen in forward bias, together
with the capacitance measurements results, make us con-
clude that a large conduction-band barrter 1s present at the
heterojunction between the two matenals. This 1s 1n agree-
ment with the spectral response measured on one device in
small reverse bias at 80 K, showing a wide response in the
3-6 p#m range and a peak more than three times higher in
amplitude at 1.9-¢zm wavelength. The root square of the pho-
toresponse 1s shown versus wavelength in Fig. 6. The low-
energy tail was close to the noise floor and was separared
from the response of the x = 0.26 matenal by more than |
#m. The measurement was made under vacuum with 4 2low
bar infrared source. a monochromator. and a lock-in amplhi-
fier. The curve was corrected for blackbody radration uand
graung dispersion. It can be interpreted as internal photoe-
mission from a conduction-band barrier 0.56 eV above the
Fermilevel (being degenerate in the narrow-hand-gap mute-
rial). The TFS theory predicts that the current/soltage rela-
tion should be of the form '

I=1 exp(q‘_.\’E.,) - ' i

athighenoughvoltages.where £ = E cothh £ AT and
[ s atuncuon of 7. the barner height. the doping [evel. and
1s a weak function of the bias. £, has been previous!s mtro-
duced.

Since £, = SOmeV helow 130 K inour devices, wecan see
that the rise in £ above this temperature cannot be account-
ed tor by the TFS theory. Tunnehng through o hagh and
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FiG 7 Calculauon of the assumed band protile of the structure at zero bias
Parameters used: m%,, m =034 doping left-hand side = 5 - ok
cm Codoping nizhi-hand side = 4 - 10 em 'L Cd composition left-hand
side = 0 2h, Cd composttion rizht-hand side = 0.18. Cd composition at the
barner peak =26 AE, =015 AL, T =30K.

sharp barrier 15 the suspected dominant transport at low T.
Only a minor contribution to the current is due to band
bending change with bias in the x = 0.26 material. As will be
discussed later. we think that the barrier resulted from
abrupt composition change during growth. Its actual con-
duction-band profile i1s expected to be much steeper than the
parabolic potential approximation made in the TFS theory.

A Porsson solution of the expected band profile of the
desice at MO Koy shownin Fig. 7. An abrupt Cd composition
Increase up to v = 0.6 was assumed right at the interface.
tollowed by a sharp exponential decrease down to x = 0.26.
The munimum barrier thickness was set to be 100 A. The
valence-hand ofset between two different composition ma-
tertals was assumed 1o be 13 ot their band-gap difference.
A heavy-hele effective mass independent of composition and
equal to ) 44 has been used. The calculation s made with the
relanation method, using the two-band Kane'" model and
assurminz fuily onized dopants without diffusion etfects at
the intertace. Degeneracy s included. The details of tius cal-
culation will be presented elsewhere.'” We can see that the
Fermilervel on the left-hand side 1s within | meV of the con
duction hand. whereas the narrow bandgap 1s heavily degen-
erate. the Fermi level lving 45 meV above the conduction
hand

This structure hasically looks ke a metal-tnsulator-sem-
iconductor device as suspected trom the capacitance mea-
surements. [he semiconductor with x = 0.26 18 weukly de-
generate The use of 4 metal-insulator-metal tunnehny
model could be appropriate at low temperature where we
established that tunnehing transport s dominant. We used
the muodei devel red by Simmons 7 for s simplicity . modi-
fomg st shizhtls o make provision tor different effectve
masses i the metal and the insulator Ttassumes a rectanyu-
lar Farrier and s resinicted 1o Jow temperatures where the
tinneing v independent of temperature We did notusetn
the tirst piace siice it cannot demonstrate the evistence of

the tunneling process by itself. The current density 15 ziven
by

I=/RO{id, — ¥/ yeapl =4 B, — 173
— (b, ~ ¥V eapl — A4 P, =173}
with 4 = 411d | m,q/h.
R, = (2Mlhd /g )y m /m).

Eap,d 15 the thickness of the barrier. ®, the ‘harrier
height, I the bras, 77 Planck’s constant. and g the electronic
charge. m* and m,,, a:e the electron effective masses in the
insulator and the metal electrode acting as the cathode. re-
spectively. R, 1s not to be confused with the zero bias resis-
tance of the device.

The effect of barrier height lowering is not considered
since it could not be detected from the measurements and the
barrier height is expected to be large. The fact that the curves
in Fig. 3 are nearly svmmetric is consistent with this model.
The low-temperature curve of Fig. 3 was fitted in reverse bias
since the tunneling is less affected then in torward bias by the
actual barrier profile on the wide-band-gap side. ®,, and &
where adjusted to produce the results shown in Fig. ¥ The
following effective masses have been used: m /m,, = 0.053
and m* /m, = 0.0039. It can be seen that the best fit occurs
for g =0.55 eV, in excellent agreement with the opucal
result. The average matching barrier thickness s close to 110
A

The capacitance measurements can be interpreted as fol-
lows: the diode 1s essentially behaving as an MIS where the
narrow-band-gap matenalis the metal electrode und the bar-
rier is the insulator. The top semiconductor withx =0.261»
then seen n-type in depletion at zero bias. Calculation ot the
low-trequency differenual capacitance of the structure
shown in Fig. 7 was attempted using the same type of caleu-
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FiG 9 Reiative capacitance vsvoltaze curves. Curve 1 osecond measure-
mentofthe CFH datashowninFig 3 7= 30K, Lo kHe Curve 2. measure-
mentof the vame device with the same trequency 7 =2 160 K. Curve 3 =

Low-frequency capacitance calculatien at S0 K Same paramerers asin Fig.

lation as betore and the same parameters. The quasi-Fermi
levels on each side of the heterojunction were assumed to be
constant, their difference betng abruptly accommodated at
the interface. The result is shown in Fig. 9. together with
measurements made at 30 and 160 K at 100 kHz on the same
device. We can see that an accumulation plateau occurs be-
low — 0.2 V. Its magnitude is much smaller than the capaci-
tance of the pseudoinsulator alone. Thisis due to the onset of
depletion un the narrow-band-gap side which begins to be
inverted below — 0.3 V. The high-frequency low-tempera-
ture CF1°curve then stays approsimately constant thereon,
The calculation also shows strong inversion of the wide-
band-zup sideto beoccurning at — 0.15 V. Notice that these
thresholds tend 1o precede the abrupt talls in capacitance
measured +t 160 K. We think that these transttions are
hinked to the collapse of their corresponding hole inversion
lavers throuzh the valence side of the burst barrier, driving
their respective matertal side 1n deep depletion. It demon-
strates thut hoie continement against this barrier occurred
betfore We conclude that 2 valence-band barrier is also pres-
ent. and that the valence-band offset cannot be neglected.
Even though no precise value can be deduced tfrom this
work. we should pomnt out that the 157 of the band-zap
ditference value used 1n the calculanions i~ consistent with il
the measurements made as well us the recentiy published
studies " whenevtrapolated to the HaTer CdTe case. Atthe
prosent timie the reasen why the capacttance oniy collapses
at high temperatures is a0t dlearly understood Tt nuzhe be
Iinked to twe-doniensional quantized enerzy lesels of the -
verston favers snieracting with doep lescls swithin the burae.
inz material Even thoush the deep levels have been omitted
from this studs. they are known to he present siice notiee-
able hvatersis huas been seen in the CHmeasurcements, and to
asmabicr deeree e the H measurements. Thes eould alvo

contribate to the enhunced tunneling process doserrbed

e 4 T TEN R YW e b Ao g o Aoa &

The ourst in composition which occurred at the intertuce
15 linked to the transient flux response of the effusion cell
opened during the growth to increase the cadmium content
of the top laver. When the shutter 1s closed. the cell has 4
higher quasiequilibrium pressure than with the shutter
opened. This study shows that with the particular geometry
used the time constant required by the cell to change from
the closed to opened stable conditions was in the order 15 s.
Once detected. this problem can be avoided. Recently grown
devices trying to avoid this etfect give credit to this hypothe-
sis and will be published later.

V. CONCLUSION

Weshowed that the electrical characterizations of the first
abrupt n-isotype heterojunctions made by MBE were consis-
tent with the presence of a sharp burst in composition at the
heterojunction interface due to the growth conditions

The measurements and the calculations presented are m
agreement with the presence of a valence-band offiet
beiween the barrier material and the adjacent lavers. When
extrapolated linearly to the HgTe/CdTe case. the value as-
sumed is in agreement with the recently published studies.
The high R,,4 values obtained even for a narrow-gap compo-
sition x = 0.17 could be of interest tor future gate field-cftect
transistor investigation.
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